I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Chronic obstructive pulmonary disease (COPD) is a major and increasing global health problem, which is predicated to become the third most common cause of death and the fifth most common cause of disability in the world by 2020.\[[@ref1][@ref2]\] Cigarette smoking is the most important risk factor for COPD. However, only 10%--20% of the chronic smokers develop into COPD, suggesting that other factors, including genetic factors may play a role in the development of COPD.\[[@ref3][@ref4]\]

It has been reported that exhaled nitric oxide (NO) level from the lung peripheral (C~alv~) is increased in COPD.\[[@ref5]\] The biological properties of NO in the airways are two-faced. On one hand, NO regulates physiological function. It controls vascular tone and also acts as a neurotransmitter of the inhibitory nonadrenergic noncholinergic nerves in the airways.\[[@ref6]\] On the other hand, NO interacts with superoxide anion (O~2~ ^−^) to produce the highly cytotoxic and strong nitrosant peroxynitrite (ONOO^−^), which has been reported to cause lipid peroxidation, DNA damage, and disturb protein function.\[[@ref7]\] Moreover, NO has been implicated in the pathophysiology of inflammatory airway diseases such as COPD and asthma.\[[@ref6]\]

Nitric oxide is synthesized from L-arginine by the enzyme NO synthase (NOS), of which three isoforms have been identified.\[[@ref8][@ref9][@ref10]\] Neuronal NOS (nNOS) and endothelial NOS (eNOS) are constitutively expressed enzymes whose activities are regulated by intracellular calcium and calmodulin. Small amounts of NO are generated by these two isoforms, whereas the activity of inducible NOS (iNOS) is independent of calcium but is transcriptionally regulated by lipopolysaccharide, inflammatory cytokines, and so on.

Nitric oxide synthase gene polymorphisms have been studied in many diseases such as asthma\[[@ref11][@ref12]\] and tuberculosis.\[[@ref13][@ref14]\] However, few genetic studies have been reported in COPD.\[[@ref15][@ref16]\] Thus, we hypothesized that genetic variants of NOS may contribute to the pathogenesis of COPD. In this study, we investigate the protein and mRNA expressions of three NOS isoenzymes in the peripheral lung tissue of patients with COPD. It is aimed to investigate the alteration of NOS expression which might be related to genetic variants of NOS. The study is expected to be helpful for identifying the liability of cigarette smokers suffering COPD.

M[ETHODS]{.smallcaps} {#sec1-2}
=====================

Subjects {#sec2-1}
--------

Three groups of subjects from Tongji Hospital undergoing lung tumor surgery were enrolled. The COPD diagnosis was established according to the Global Initiative for Chronic Obstructive Lung Disease guidelines.\[[@ref17]\] All subjects were in stable condition without history of inhaled or oral corticosteroid at least in 3 months prior to enrollment. Exclusion criteria included chronic respiratory failure, positive bronchodilator to test, bronchial asthma, tuberculosis, cardiovascular diseases, and chronic metabolic diseases. Detailed clinical information about these subjects is listed in [Table 1](#T1){ref-type="table"}. The study was approved by the Ethics Committee of the Tongji Hospital, and all the subjects signed informed consent.

###### 

Characteristics of subjects

  Characteristics              NSC (*n* = 10)   SC (*n* = 15)   COPD (*n* = 15)
  ---------------------------- ---------------- --------------- ------------------
  Age, year                    54.4 ± 10.7      54.3 ± 7.2      58.9 ± 10.0
  Sex: Male/female             9/1              15/0            15/0
  Smoking history, pack/year   0                33.9 ± 21.0     40.0 ± 22.4
  BMI, kg/m^2^                 24.2 ± 2.0       23.7 ± 3.5      21.7 ± 3.7
  FEV~1~ (%predicted)          95.6 ± 14.6      95.6 ± 14.4     71.9 ± 9.4\*^,†^
  FEV~1~/FVC (%)               78.2 ± 4.2       78.3 ± 6.3      61.1 ± 7.5\*^,†^

Parameter values are mean ± SD for subjects. NSC: Nonsmokers control subjects; SC: Smoker control subjects; COPD: Chronic obstructive pulmonary disease; Pack/year: 1-year smoking 20 cigarettes per day; BMI: Body mass index; FEV~1~: Forced expiratory volume in 1 s; FVC: Forced vital capacity; SD: Standard deviation. \*Significantly different from control nonsmokers: *P* \< 0.001; ^†^Significantly different from control smokers: *P* \< 0.001.

Lung tissue study {#sec2-2}
-----------------

The peripheral lung tissues were obtained at the time of the surgical procedure. Just after resection, specimens were taken from an area at least 5 cm from the tumor, and immediately frozen in liquid nitrogen and stored at −80°C. The sample was divided into two parts. One was for real-time polymerase chain reaction (PCR) analysis, and the other was for Western blotting detection.

Real-time quantitative polymerase chain reaction {#sec2-3}
------------------------------------------------

Total RNA was extracted from lung tissue using TRIzol (Invitrogen, USA) according to the manufacturers' instructions and quantified by the absorption at 260 nm. 2.5 μg of total RNA was reverse transcribed to cDNA using a PrimeScript^®^ RT Master Mix kit (DRR036A, TaKaRa Bio, Japan). nNOS, iNOS, and eNOS transcript levels were quantified by real-time PCR using the SYBR^®^ Premix Ex Taq^™^ kit (DRR420A, TaKaRa Bio, Japan). PCR was performed using the ABI PRISM^®^ 7900HT real-Time PCR System (Applied Biosystems, USA) as follows: 95°C for 30 s as pretreatment, 40 cycles of 95°C for 5 s for denaturation, and 60°C for 30 s for annealing/extension, and each sample was run in triple. The cycle threshold value (Ct) obtained for each gene of the target was normalized with that of β-actin, a housekeeping gene. In order to obtain relative fold-change of gene expression, 2^−ΔΔCt^ method was used.\[[@ref18]\] ΔCt = Ct (gene of target) − Ct (housekeeping gene), ΔΔCt = ΔCt (study group) − ΔCt (control group), then the regulation of individual genes was calculated using the formula, 2^−ΔΔCt^. The primers were designed by TaKaRa Bio and are listed in [Table 2](#T2){ref-type="table"}.

###### 

Oligonucleotide primers for real-time PCR used in the study

  Primers    Prime sequences (5'-3')     Product length (bp)
  ---------- --------------------------- ---------------------
  nNOS                                   
   Forward   TGCGAACGTACGAAGTGACCA       149
   Reverse   GCAGTGTCTGTCCGCGCTTA        
  iNOS                                   
   Forward   ACGTGCGTTACTCCACCAACAA      109
   Reverse   CGGATGAGCTGAGCATTCCA        
  eNOS                                   
   Forward   GCTGTCTGCATGGACCTGGA        119
   Reverse   TCCACGATGGTGACTTTGGCTA      
  β-actin                                
   Forward   TGGCACCCAGCACAATGAA         186
   Reverse   CTAAGTCATAGTCCGCCTAGAAGCA   

nNOS: Neuronal nitric oxide synthase; iNOS: Inducible nitric oxide synthase; eNOS: Endothelial NOS; PCR: Polymerase chain reaction.

Western blotting {#sec2-4}
----------------

Frozen samples were weighed (about 100 mg) and the tissue was homogenized (1:7 w/v) with hand-made glass pestles in cold RIPA buffer and the protease inhibitors phenylmethylsulfonyl fluoride (1 mmol/L) (G2002, Guge Bio, China). Samples were then centrifuged at 12,000 ×g for 5 min at 4°C. The supernatant was immediately transferred into fresh cold microcentrifuge tubes, and the protein concentration was assessed using the BCA protein assay kit (P0010S, Beyotime Bio, China). The resulting supernatant was mixed with four-fold volume of loading buffer (G2013, Guge Bio, China) and then was boiled for 5 min. 60 μg/sample was separated on 8% sodium dodecyl sulfate (SDS)-polyacrylamide gel (Guge Bio, China) and transferred to 0.45 μm polyvinylidene difluoride membrane using a transblotting apparatus (Bio-Rad). The transfer buffer contained 25 mmol/L Tris, 190 mmol/L glycine, 0.1% SDS, and 20% methanol and was carried out at 300 mA for 2.5 h. The membranes were then blocked by shaking in a blocking buffer containing 5% nonfat dry milk and 0.1% Tween 20 at room temperature for 1 h. Then membranes were incubated overnight at 4°C with primary antibody, anti-nNOS mouse monoclonal antibody at 1:500 dilution (610308, BD Biosciences, USA), anti-iNOS rabbit polyclonal antibody at 1:2000 dilution (ab3523, Abcam, UK), anti-eNOS mouse monoclonal antibody at 1:250 dilution (610296, BD Biosciences, USA), and anti-β-actin rabbit polyclonal antibody at 1:1000 (1616-R, Santa Cruz, USA). After washing with TBST 3 times, 10 min/time, the membranes were then incubated with secondary antibodies. The secondary antibodies, a horseradish peroxidase-linked sheep anti-rabbit immunoglobulin G (IgG) for iNOS, β-actin (KPL, USA) and a horseradish peroxidase-linked sheep anti-mouse IgG for nNOS, eNOS (KPL, USA), were both incubated at 1:3000 dilution in blocking solution at room temperature for 1.5 h. The immunoreactive bands were detected by chemiluminescence according to the specifications provided by the manufacturer (ECL kit, Beyotime Bio, China). Films were scanned, and the protein content was assessed by densitometry using Quantity One software (Bio-Rad, USA). The results were normalized to the β-actin content.

Statistical analysis {#sec2-5}
--------------------

Data were presented as mean ± standard division or median ± interquartile (IQR) for not normally distributed data. Differences characteristics data among three groups were analyzed using analysis of variance (ANOVA) and LSD for multiple comparison test. The Kruskal--Wallis test was used to compare nonnormal distribution data, when significant, by the Mann--Whitney *U*-test for comparison between groups. Relationships between various parameters were studied by calculating the Spearman\'s correlation coefficient. A *P* \< 0.05 was considered significant. SPSS version 18.0 (SPSS Inc., IL, USA) was used for all statistical analyses.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Subjects {#sec2-6}
--------

Subject characteristics are reported in [Table 1](#T1){ref-type="table"}. There are no significant differences in age, sex, BMI. Smoking history was similar in patients with COPD and smoker control (SC) subjects. Forced expiratory volume in 1 s (FEV~1~) (% predicted) and FEV~1~/forced vital capacity (FVC) (%) were significantly lower in patients with COPD as compared with both nonsmokers control (NSC) and SC subjects (*P* \< 0.001).

Expressions of three NOS isoforms mRNA in three groups {#sec2-7}
------------------------------------------------------

[Figure 1](#F1){ref-type="fig"} shows the fold changes of mRNA of NOS isoforms expressions in peripheral lung tissue of NSC subjects, SC subjects, and COPD patients. There were significant increases in iNOS mRNA expression in COPD patients compared to NSC and SC subjects (*P* \< 0.001, *P* = 0.001, respectively). However, no significant differences were found in nNOS and eNOS mRNA levels among the three groups.

![mRNA expression of (a) nNOS; (b) iNOS; and (c) eNOS in human peripheral lung tissue from NSC subjects, SC subjects, and COPD patients by real-time polymerase chain reaction. The data are presented as mean ± standard division. ^\#^*P* \< 0.001 versus patients with NSC. Δ*P* = 0.001 versus patients with SC. nNOS: Neuronal nitric oxide synthase; iNOS: Inducible nitric oxide synthase; eNOS: Endothelial nitric oxide synthase; NSC: Nonsmokers control; SC: Smokers control; COPD: Chronic obstructive pulmonary disease.](CMJ-128-1584-g001){#F1}

Expressions of three NOS isoforms protein in three groups {#sec2-8}
---------------------------------------------------------

NOS protein expressions in peripheral lung tissue are shown in Figures [2](#F2){ref-type="fig"}--[4](#F4){ref-type="fig"}. iNOS protein levels were significantly higher in COPD patients (1.7, IQR: 0.6--2.6) compared with NSC subjects (0.4, IQR: 0.2--0.9) and SC subjects (0.5, IQR: 0.3--1.0) (*P* \< 0.01, *P* = 0.01, respectively) \[[Figure 3](#F3){ref-type="fig"}\]. However, there were no significant differences in nNOS and eNOS protein levels among the three groups \[Figures [2](#F2){ref-type="fig"} and [4](#F4){ref-type="fig"}\]. These results are consistent with mRNA of NOS isoforms expressions. In the three groups, iNOS optical densities were significantly negatively correlated with FEV~1~ (% predicted) (*r* = −0.549, *P* = 0.001) and FEV~1~/FVC (%, *r* = −0.535, *P* = 0.001).

![nNOS protein expression in peripheral lung tissue from NSC subjects, SC subjects, and COPD patients. (a) Representative Western blot analysis of nNOS and β-actin; (b) Densitometric analysis of nNOS and β-actin bands. Each bar represents the median ± interquartile of each group. nNOS: Neuronal nitric oxide synthase; NSC: Nonsmokers control; SC: Smokers control; COPD: Chronic obstructive pulmonary disease.](CMJ-128-1584-g002){#F2}

![iNOS protein expression in peripheral lung tissue from NSC subjects, SC subjects, and COPD patients. (a) Representative Western blot analysis of iNOS and β-actin; (b) Densitometric analysis of iNOS and β-actin bands. Each bar represents the median ± interquartile of each group. \**P* \< 0.01 versus group NSC, ^\#^*P* = 0.01 versus group SC. iNOS: inducible nitric oxide synthase; NSC: Nonsmokers control; SC: Smokers control; COPD: Chronic obstructive pulmonary disease.](CMJ-128-1584-g003){#F3}

![eNOS protein expression in peripheral lung tissue from NSC subjects, SC subjects, and COPD patients. (a) Representative Western blot analysis of eNOS and β-actin; (b) Densitometric analysis of eNOS and β-actin bands. Each bar represents the median ± interquartile of each group. eNOS: Endothelial nitric oxide synthase; NSC: Nonsmokers control; SC: Smokers control; COPD: Chronic obstructive pulmonary disease.](CMJ-128-1584-g004){#F4}

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The present study suggested that iNOS mRNA and protein levels were significantly increased in the peripheral lung tissues from COPD patients compared with NSC and SC subjects. Furthermore, there is a significant negative correlation between the iNOS expression and the level of airflow limitation as measured by FEV~1~ (% predicted) and FEV~1~/FVC (%). These results indicate that iNOS might be involved in the progression of COPD, and the alteration of NOS may play a role in the susceptibility of smokers suffering COPD.

Our results confirmed previous findings on increased iNOS expression in COPD patients.\[[@ref19][@ref20][@ref21][@ref22]\] We extended these findings to peripheral lung tissues via real-time PCR and Western blot analysis. The association between iNOS expression and airflow limitation is also consistent with the results in the bronchial tissue of COPD patients.\[[@ref22]\] However, Brindicci *et al*.\[[@ref23]\] found that nNOS protein expression negatively correlated with FEV~1~ (% predicted) and FEV~1~/FVC (%). This discrepancy is uncertain and may be explained by the fact that the differences in the severity of the airflow obstruction in COPD patients. The enrolled patients in their study were mostly severe COPD (FEV~1~ 46.0 ± 0.1, 20.3 ± 1.8, and FEV~1~/FVC 53 ± 5.5, 35.9 ± 3), whereas our study only included patients with less severe degree of obstruction of COPD (FEV~1~ 71.9 ± 9.4, and FEV~1~/FVC 61.1 ± 7.5).

Recently, Seimetz *et al*.\[[@ref24]\] reported that smoke exposure caused emphysema and pulmonary hypertension in wild-type mice and in eNOS^−/−^ mice, but not in iNOS^−/−^ mice. Moreover, treatment of wild-type mice with an iNOS inhibitor prevented structural and functional alterations of both the lung vasculature and alveoli and also reversed established disease. These findings supported the important role of iNOS in the pathogenesis of COPD. We infer that up-regulation of iNOS may be the major source of exhaled NO in COPD\[[@ref5]\] and the alteration of iNOS levels may be as a result of genetic variants of iNOS which may be helpful for identifying the liability of cigarette smokers suffering COPD.

Inducible NOS gene polymorphism has been studied in many diseases such as asthma\[[@ref11][@ref12]\] and tuberculosis.\[[@ref13][@ref14]\] However, few genetic studies have been reported in COPD.\[[@ref15][@ref16]\] Arif *et al*.\[[@ref16]\] reported that the association of eNOS polymorphism (−786T/C, −922A/G, and 4B/4A) with the susceptibility to COPD. And the combination of genotypes containing −786C and 4A alleles correlated with reduced FEV~1~ values and nitrite levels. However, we did not find any differences of eNOS expression among three groups. Furthermore, Brindicci *et al*.\[[@ref23]\] also demonstrated that there were no differences among patients with mild to moderate COPD, NSC subjects, and SC subjects. And no correlation was detected between eNOS expression and FEV~1~ (% predicted). This discrepancy may be explained by the fact that a relatively small number of patients and with less severe degree of obstruction of COPD in our study. There may also be different genetic background in population. However, the possibility cannot be excluded that both eNOS and iNOS gene polymorphism are involved in susceptibility to COPD. Further studies are needed to explore eNOS and iNOS gene polymorphism in large study subjects.

The underlying mechanism of iNOS taking part in the pathogenesis of COPD is still unknown. A possible mechanism is that an increase in lung iNOS expression in patients with COPD increases NO synthesis. NO interacts with O~2~ ^−^ to produce the formation of the strong ONOO^−^, which can lead to nitration (addition of - NO~2~) of most classes of biological molecules. ONOO^−^ may thus provoke inhibition of mitochondrial respiration, protein dysfunction, and damage to cell membranes and DNA.\[[@ref7]\] Seimetz *et al*.\[[@ref24]\] have also found that ONOO^−^ indeed caused nitration in primary isolated alveolar epithelial cells, pulmonary vascular endothelial cells, and pulmonary arterial smooth muscle cells from resistance vessels. Furthermore, elevated levels of ONOO^−^ have been found in human patients with COPD.\[[@ref25]\] Hence, further studies are required to confirm and explore the molecular mechanism.

We must acknowledge that our study has several limitations. First, we obtained all specimens of peripheral lung tissue during lung tumor surgery. The specimens were only from less severe COPD. Although we can also obtain peripheral lung tissue specimens through lung volume reduction surgery, only a few patients with severe COPD could undergo that type surgery. Second, although we took specimens from an area at least 5 cm from the tumor, we cannot exclude that a possible cancer microenvironment may influence the results. Third, the relatively small number of subjects is a potential weakness of our study. Finally, we did not measure NOS activity, all specimens were obtained after surgery resection, which might cause NOS activity decrease and influence the results.

The current study showed that iNOS expression was significantly increased in the peripheral lung tissue of patients with COPD and associated with the degree of airflow limitation. These results suggest that iNOS might be involved in the pathogenesis of COPD and may be a potential marker to identify the smokers who have more liability to suffer COPD. Future studies are needed to explore iNOS gene polymorphisms in the development of COPD.
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